A vertebral compression fracture is a serious complication associated with osteoporosis of the spine. The prevalence of osteoporosis in the United States is high, especially among women, and it increases rapidly with age. According to one estimate, osteoporosis affects as many as one in three women and one in eight men over the age of fifty years worldwide 1 . In patients with a vertebral compression fracture, the structural strength of the vertebral body is weakened by the loss of mineral and bone mass, and it is no longer able to sustain the compressive load from the weight of the upper body and additional stress brought on by body movements and other activities. Vertebral body fractures due to compression cause pain, deformity, and restricted mobility. In the U.S., about 1.5 million fractures occur annually, and 700,000 of these occur in the spine 2 . Each year, 250,000 new vertebral compression fractures are diagnosed, and >80% of these Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or grants in excess of $10,000 from Kyphon, Inc. Neither they nor a member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated.
are related to weakened vertebral bodies secondary to osteoporosis 3 . The adverse effects associated with a vertebral compression fracture have been studied and reported by several researchers. In addition to increased back pain, the overall quality of life 4, 5 may be diminished. Patients with a vertebral compression fracture are more likely to fall and are five times more likely to sustain subsequent fractures than individuals without such a fracture 6 . Although a decrease in the quality of life has been documented in a number of studies, the association between vertebral compression fracture and patient longevity has been less well studied. In one study of the effect of vertebral compression fracture on survival 7 , the authors found a 23% increase in mortality risk after a mean duration of follow-up of 8.3 years and an even higher increase (110%) in the risk of death from pulmonary disease. The purpose of the present study was to examine the survival of a broad group of patients with a vertebral compression fracture, including men, nonwhite patients, and patients from rural and suburban communities, and to examine differences in survival among these subpopulations. Claims records from the 5% Medicare Beneficiary Encrypted File (BEF) were used in this study. This file is a random sample compiled from claims from beneficiaries whose health insurance claims number contains the requisite digits in the sampling plan developed by the Centers for Medicare and Medicaid Services. Medicare is the largest nationwide insurance program that provides hospital insurance (Part A) or medical insurance (Part B) to the elderly. The 5% systematic sample reflects the claims generated by approximately two million Medicare enrollees. Although the Medicare data include some claims from nonelderly patients with a vertebral compression fracture who belong to special populations (for example, those with end-stage renal disease), this study included only patients with a vertebral compression fracture who were sixty-five years of age or older at the time of the diagnosis. Patients enrolled in health maintenance organizations, those not enrolled in both Part A and Part B of Medicare, and those residing outside of the U.S. were excluded.
Materials and Methods
For each patient diagnosed with a vertebral compression fracture, we defined an index event, which was the earliest diagnosis of a vertebral compression fracture identified from any of the three claim sources examined. To ensure that the index event indeed represented a new fracture, we required that the index event had occurred after the patient was enrolled in Medicare and that the patient had not had a vertebral compression fracture for at least 180 days prior to the index event. On the basis of the above criteria, 97,142 elderly patients with a new diagnosis of vertebral compression fracture were identified for the study.
Comparison Cohort
To evaluate the survival of patients following a vertebral compression fracture, a comparison cohort, or control group, was also selected. The ratio of controls to patients with a vertebral compression fracture was five to one. Eligible controls were selected from the same 5% sample of Medicare enrollees. Each patient in the final fracture cohort was matched with patients, from the eligible pool of controls, whose ages were within three years of the age of the ''case'' patient and who were at least sixtyfive years of age. If more eligible controls were available than the five required for each case, the controls closest in age were selected. Eligible controls were also of the same sex and race (white, black, or other/unknown) as the case patient. Eligible controls had to be enrolled in both Part A and Part B of Medicare and could not be enrolled in a health maintenance organization. Patients with a vertebral compression fracture who received state payment assistance with their Medicare premium (that is, state buy-in) were matched with controls with the same status. Although not ideal, this buy-in indicator was used as a marker of individuals with limited financial resources, which may affect survival. Eligible controls could not have been diagnosed with a vertebral compression fracture at any time during the study period. The sampling plan for the controls was designed so that the controls for each patient with a vertebral compression fracture were not used again-i.e., a control in a case-control set appeared only once in the study. A small number of patients with a vertebral compression fracture (for example, black ninety-year-old men in Western states) did not have a sufficient number of matching controls for the five-to-one sampling plan. In those cases, all of the eligible controls were used. A total of 428,956 controls were selected for the 97,142 patients with a vertebral compression fracture (average, 4.4 controls per case). These frequency-matched case-control groups formed the basis of the survival comparison. The general characteristics of the patients and controls are summarized in Table I .
Follow-up
The death of an enrollee was ascertained by the Centers for Medicare and Medicaid Services with use of data from the Social Security Administration and other sources. The date of death was available from the annual Medicare ''denominator'' file for enrollees in the 5% sample who had died in that year. Survival of a patient with a vertebral compression fracture was calculated as the time from the index date until death or until the end of follow-up on December 31, 2004. Patients with a vertebral compression fracture who were alive on December 31, 2004, were considered censored. Similarly, survival of the five matching controls was calculated from the index date of the case patient in each of the case-control groups. This study afforded a minimum duration of follow-up of one day and a maximum duration of 7.5 years from July 1, 1997, until December 31, 2004.
Comorbidity Adjustment
To account for the health status of each patient in this comparison, the Charlson comorbidity index (Dartmouth-Manitoba version 8 ) was calculated. Because all of the diagnoses and procedures received by a Medicare beneficiary are identified in the claims data, the Medicare data are well suited for characterizing the overall health status of a patient. All disease diagnoses and surgical procedures performed in a six-month period prior to the index event were compiled from the Medicare claims. The Charlson comorbidity algorithm utilizes nineteen categories of diseases based on diagnoses and surgical procedures received by a patient, and the final index is a composite value representing the overall degree of comorbidity. In this analysis, the Charlson index values were grouped into four categories 9 : 0 (none), 1 to 2 (low), 3 to 4 (moderate), and ‡5 (high). 
Statistical Analysis Two types of analyses were performed: calculations of mortality rates and multivariate proportional hazard regressions. The mortality status of patients with a vertebral compression fracture and controls was summarized by calculating the total person-years of follow-up, total deaths, and death rates (deaths per 1000 person-years). The overall survival of the patients with a vertebral compression fracture and the controls was Survival curves for men (left) and women (right). VCF = vertebral compression fracture.
estimated with the Kaplan-Meier method along with means and standard deviations of survival time. Kaplan-Meier survival curves following the diagnosis of a vertebral compression fracture were constructed for the fracture and control cohorts and various demographic subpopulations. Differences in survival were assessed with the log-rank test. The Kaplan-Meier survival curves provided a graphical view of the difference in mortality between the patients with a vertebral compression Survival curves for different age groups. VCF = vertebral compression fracture, and y.o. = years old.
fracture and the controls. The log-rank test results and the survival curves described variations in survival characteristics among these subgroups. A more comprehensive assessment of the survival characteristics was accomplished with the Cox regression analysis. Consistent with the study design, the Cox regression was stratified by the individual matched case-control set. This use of the Cox regression allowed non-proportionality to exist across different strata while still providing an estimate of the overall hazard ratio for the difference between the patients with a vertebral compression fracture and the controls.
Results

Description of Cohort
T he demographic characteristics of the patients with a vertebral compression fracture and their controls are summarized in Table I . Because the controls were selected by matching the case on the basis of several characteristics, the distributions of these characteristics in the patient and control groups were nearly identical. Of the 97,142 patients with a vertebral compression fracture, 74.4% were women and most (93.8%) were white. The average age of the patients with a vertebral compression fracture was 79.9 years, with a standard deviation of 7.6 years. The average age of the controls was 79.0 years, with a standard deviation of 7.5 years. Table II. The survival of the patients with a vertebral compression fracture and the controls was estimated with use of the KaplanMeier method. The results of the log-rank test comparing the patients with a vertebral compression fracture with the controls, in the total group and in the various subpopulations, were consistently highly significant (p < 0.001) and therefore are not individually reported. Table III shows the percentages of subjects who were alive at the end of the study period. Because these survival percentages were estimated with the KaplanMeier method, the reported results were based on the last noncensored record, which may have occurred at less than the 
Mortality and Mortality Rates
maximum of 7.5 years between the start and end of the study period. Overall, 6.8% of the patients with a vertebral compression fracture were still alive at the end of the follow-up period, as compared with 49.7% of the controls (Table III) . Survival rates following the diagnosis of vertebral compression fracture at three, five, and seven years were 53.9%, 30.9%, and 10.5%, respectively. The corresponding survival rates were much higher for the controls (78.2%, 64.5%, and 52.5%). The patients with a vertebral compression fracture and their matching controls survived for a median of 39.8 and 89.1 months, respectively. As a result of censoring, the average duration of survival (in months) was underestimated and biased downward. Nonetheless, the obvious difference in the percentages of surviving subjects and the durations of survival, coupled with the consistent gap between the survival curves for the patients with a vertebral compression fracture and the controls, demonstrated an increased mortality risk in patients with a symptomatic vertebral compression fracture. The percentages of male and female control subjects who were still alive at the end of the study were comparable (47.0% and 50.7%, respectively). The percentages of male and female patients with a vertebral compression fracture who were alive were also similar (7.4% and 7.6%) (Fig. 1) . The mortality rate increased with the age at the time of the fracture both for the patients with a vertebral compression fracture and for the controls (Fig. 2 and Table II) . As expected, the difference between these two sets of rates decreased as the age at the time of the fracture increased. Patients who were sixty-five to sixty-nine years old when a vertebral compression fracture was diagnosed had a mortality rate that was 6.41 times higher than that of the age-matched controls. The mortality rate for the patients who were diagnosed with a vertebral compression fracture when they were eighty-five years of age or older was only 1.82 times higher than that for their controls. Similarly, the mortality rate for both sets of subjects increased with increasing Charlson index values. The difference between the survival of the patients with a vertebral compression fracture and that of the control subjects also decreased with increasing Charlson index values.
Survival Comparison with Cox Regression Analysis
Overall, without adjustment for differences in comorbidity, the hazard ratio between the patients with a vertebral compression fracture and their matched controls was 2.80 (95% confidence interval, 2.77 to 2.84) (Table IV) . Adjustment for the baseline health of the patients lowered the hazard ratio to 1.83 (95% confidence interval, 1.80 to 1.86). Both the adjusted and unadjusted hazard ratios were significant (p < 0.001). The hazard (mortality) ratios between the patients with a vertebral compression fracture and the controls in the subpopulations were also calculated, and they were consistently highly significant in all of these subgroup analyses (p < 0.001); therefore, they are not individually reported.
Discussion
T his study demonstrated the detrimental association between a vertebral compression fracture and survival in a large systematic sample of elderly patients from the Medicare population. Since enrollment in Medicare is nearly universal among the elderly population in the U.S., the results of this study apply well to all persons sixty-five years of age and older in the U.S. We found that, over a seven-year period, an elderly patient with a vertebral compression fracture had almost two times the risk of death compared with an elderly person without a vertebral compression fracture, after adjustment for comorbidity. This added mortality risk was especially detrimental if the vertebral compression fracture occurred at a younger age. Although vertebral compression fractures are more prevalent in women than in men, the mortality risk is higher among men. Even among patients with a vertebral compression fracture and a Charlson comorbidity index of 0, the hazard ratio was 1.37 (p < 0.001). The survival of the patients with a vertebral compression fracture and no comorbidities was actually comparable with that of their matched controls in the first twelve to twenty-four months, but it became increasingly poorer after about two years.
Previous studies have also documented an increased mortality risk following vertebral fractures 7, 10, 11 . Center et al. reported an increase in mortality risk for both sexes following low-trauma osteoporotic fractures 10 , but they also found that men were at higher risk (a 138% increased risk) compared with women (a 66% increased risk). Mortality rates were also higher for Swedish men and women following clinical vertebral fractures, including low-energy fractures 11 . Compared with the general population, men and women who sustained such a fracture at the age of sixty years had a 4.3-fold relative risk of death at five years after the fracture. Overall, the Swedish patients with a vertebral fracture had a 28% survival rate at five years, which is comparable with our rate of 30.9% at the same time point. In a study involving elderly white women, Kado et al. determined that the rate of mortality of subjects with one or more fractures was 1.23-fold greater than that of individuals without a fracture, and this difference increased to 1.34-fold in patients with more severe fractures 7 . It is unclear to what extent the exclusion of traumatic fractures from our study might have affected the mortality risk. It has been suggested that women with vertebral fractures following low-energy or no trauma have significantly higher mortality rates (odds ratio, 2.3; p < 0.05) than those with high-energy trauma 12 .
The age-related differences that we found in the mortality risk are in agreement with those in a previous Swedish study by Johnell et al. 11 . Those investigators showed that the risk of death for men at five years after a fracture was increased 4.3-fold when the fracture had been sustained at the age of sixty years compared with 1.3-fold when it had been sustained at the age of eighty years. In addition, the Swedish data showed that the highest mortality risk occurred immediately following the fracture and that the increase in risk lessened significantly with time (p < 0.001). For example, the increase in the risk of death for men who had sustained a fracture at the age of sixty years was 13.4-fold in the initial year but only 4.3-fold by the fifth year. Our study showed comparable results, as the survivorship decreased markedly in the first six months, after which there was a more steadily declining trend. However, it is unclear if these age-related differences apply to the non-Medicare and younger patient population.
This study had several limitations. We were unable to identify the severity of each vertebral compression fracture because of the administrative nature of the Medicare data. In addition, we did not examine the number of fractures sustained by each patient. It is likely that the cumulative effect of multiple fractures may lead to progressive debilitation and ultimately the risk of complications and death. Kado et al. showed that the increase in mortality risk was 23% in patients with a fracture but 34% in those with a severe fracture and patients with multiple fractures also had a significantly greater mortality risk (p < 0.001) 7 . Our study included only diagnosed, symptomatic vertebral compression fractures, but as many as 80% of vertebral fractures may not be clinically apparent or may remain undiagnosed 3, 7 . Even though we attempted to adjust for comorbidities and other demographic factors, there may still have been other residual confounding factors due to inadequate adjustment 13 . Part of the observed difference in mortality risk could have been due to confounding effects such as smoking, obesity, or other medical problems rather than the effects of the vertebral compression fracture itself. We also relied on administrative data, which may not have included clinical details that would otherwise be available from patient medical records. Hence, the difference in mortality could have been due to unmeasured differences between the fracture and control populations. Although patients with a vertebral compression fracture were found to have greater mortality rates, the present study did not include an investigation of the cascade of events leading to their premature deaths. A diagnosis of vertebral compression fracture could be a marker of poor health, although a vertebral compression fracture itself is seldom a direct cause of death. Further investigation is needed to clarify the sequence of health events that result in premature death of these patients.
Despite these limitations, our study encompassed a large population of patients with a vertebral compression fracture in all demographic segments who were matched with corresponding controls. This allowed us to determine the relative mortality risk for this well-controlled group of patients. Although we have demonstrated the substantial negative impact of a vertebral compression fracture on survival, the present study did not include a comparison of treatment options or efficacy of preventive regimens. n
